Karyological analysis was performed on Viviparus ater (Cristofori & Jan, 1832), V. acerosus Bourguignat, 1862, V. mamillatus (Kuster), V. viviparus (Linnaeus, 1758 and V. contectus (Millet, 1813), collected from different freshwater bodies of Switzerland, Hungary, Albania, Italy and Lithuania. The karyotypes of V. acerosus and V. mamillatus are described for the first time. The diploid number of chromosomes in V. contectus equals 14, whereas in diploid sets of other studied species, 18 chromosomes are present. The karyotype formula is in V. contectus (5m ϩ 2sm, NF ϭ 28, in V. ater, 7m ϩ 1sm-m ϩ 1 sm, in V. acerosus and V. viviparus, 8m ϩ 1sm, NF ϭ 36, in V. mamillatus, 6m ϩ 1m-sm ϩ 1sm-m ϩ 1sm, NF ϭ 36. In females of V. ater, V. mamillatus and V. acerosus, the heteromorphism of chromosome pair no. 8 was observed, with a sex-determining mechanism-ZW female /ZZ male. Although, Z and W chromosomes are metacentric, significant differences (P Ͻ 0.05, or P Ͻ 0.001) in their size were determined. The interspecific significant differences (P Ͻ 0.05) in karyotypes of V. ater, V. mamillatus, V. acerosus and V. viviparus were detected by using one-way ANOVA and Bonferroni's Multiple Comparison tests. Only chromosomes of the pair no. 5 were of similar shape in all of these species. The smallest interspecific difference was between V. viviparus and V. acerosus. The intraspecific karyological differences in relative chromosome length and centromeric index of V. contectus from lakes Garda (Italy), Olauka and Asveja (Lithuania) were observed in the chromosome pair no. 5.
INTRODUCTION
Taxonomic questions concerning the genus Viviparus in Europe arise for two reasons. First, there is morphological variation within and between populations, which is often difficult to interpret, and secondly the same species names have often been used for different taxa by different authors (Franz, 1932) . A recent identification guide mentions five Viviparus species in Europe (Fechter & Falkner, 1990 (Fechter & Falkner, 1990) .
Viviparus contectus can easily be distinguished from all other species by a wide shell with shouldered whorls separated by a deep suture, and a pointed apex. The remaining four species all have less prominent whorls and usually a blunt apex. The variability within species is so high that a shell of unknown origin can rarely be assigned to the species. Thus, the species identification of the four species is mainly based on their geographical provenance. V. viviparus lives in northern and eastern Europe. V. ater is restricted to northern Italy and to some Swiss lakes, where it was introduced (Roth, 1906) . V. acerosus lives in the Danube River, V. mamillatus on the Balkan Peninsula. In contrast to these rather limited areas, V. contectus is distributed throughout Europe, overlapping the distributions of the remaining four species. V. contectus lives sympatrically with V. viviparus and V. ater at many places, and it has been recorded to hybridize with both these species (Falniowski, Kozik, Szarowska, Fialkowski & Mazan, 1993 : Katoh & Ribi, 1996 . This is astonishing insofar as V. contectus has 7 chromosomes in the haploid set, whereas V. viviparus and V. ater both have 9 chromosomes (Franz, 1932; Rainer, 1963; Baršiene, 1991 Baršiene, , 1994 Baršiene, Baršyte & Virbickas, 1996; Baršiene & Ribi, in press ).
In the present paper, we report cytogenetical data for Viviparus contectus, V. viviparus, V. ater, V. acerosus and V. mamillatus. The main aim of this study was to examine peculiarities of interspecific karyological differentiation.
MATERIALS AND METHODS
Karyological studies were carried out on somatic cells of embryos and juveniles, and gonadel cells of males. Snails were collected in the lakes Murten, Lauerz, Zurich, Constance (Switzerland), Scutari (Albania), Garda (Italy), Olauka and Asveja (Lithuania), in the rivers Neris and Nemunas (Lithuania) and in Viragoskuti Halasto canal (Hungary) ( Table 1) . Blocking somatic (including embryonic) and gonadal cell divisions at metaphase was achieved by injection of a 0.1-0.2% aqueous solution of colchicine into the adult snails 4-10 hours before they were dissected. Juvenile stages were placed directly in 0.01-0.02% solution of colchicine. The different stages of sample fixation, chromosome preparation and identification were the same as those previously described by Baršiene (1978) and Baršiene & Grabda-Kazubska (1988) . Chromosomes were stained with a 4% solution of Giemsa, prepared in phosphate buffer, pH ϭ 7.0. Metaphase plates, suitable for karyological analysis, were photographed and photomicrographs were used for construction of karyotypes. Karyometric characteristics have been determined by measuring chromosomes in 15 karyotypes from each species and different populations of V. ater. The following karyometric parameters were used: the absolute length of chromosomes in micrometers, their relative length and centromeric index. The chromosomes were classified by the system of Levan, Fredga & Sandberg (1964) . Where the standard deviation of the centromeric index was at the borderline between two types of chromosomes, the nomenclature for both chromosome types is given.
Statistical significance of inter-and intraspecific differences in karyotypes was determined by using ANOVA single factor and Bonferroni's Multiple Comparison tests.
RESULTS
Chromosome counts in 6241 cells of 455 specimens were made. The diploid number of chromosomes of V. ater, V. acerosus, V. mamillatus and V. viviparus was 2n ϭ 18 ( Fig. 1) . Fourteen chromosomes in diploid sets were observed in the majority of cells of V. contectus inhabiting lakes Garda, Asveja and Olauka (Fig. 2) . Seven bivalents were determined at the prophase I in the male meiosis of V. contectus. In the meiosis of males of V. ater, V. acerosus. V. mamillatus and V. viviparus there were nine bivalents (Fig.  3) . Modal sets were observed in 82.2-89.8% of the studied cells. Nuclei with less than 2n ϭ 18, or 2n ϭ 14 chromosomes were found in 4.9-10.9%, whereas polyploid sets were found in 0.6-11.4% of the cells. Hyperdiploid cells were rarely observed (Table 2) . Karyotype structure of V. contectus
Karyological studies of V. contectus from Lake Garda were performed only in embryonic cells. However, mitotic activity was low and we were able to study chromosomes in 36 mitotic metaphase and to make chromosome measurements in 5 karyotypes. Pairs no. 1 and 2 consists of large, pairs no. 6 and 7 of small metacentric chromosomes. There are three pairs (no. 3-5) of medium-sized biarmed chromosomes (Table 3 ). Mitotic metaphases and karyotypes of V. contectus: above-from Lake Garda (Italy), below-from Lake Olauka (Lithuania). Scale is 10 m. A more detailed analysis of chromosome sets was carried out (in 385 cells) on males of V. contectus inhabiting Olauka and Asveja lakes in Lithuania. The karyotype structure was similar to that in V. contectus from Garda Lake. The centromeric indices in chromosome pairs no. 4 and 5 were at the borderline between submetacentric and metacentric chromosome types and the nomenclature for both centromere positions is shown (Table 4 ). Highly significant interpopulation differences in the relative length and centromeric index of chromosomes from pair no. 5 (P Ͻ 0.0001) were determined.
Karyotype structure of V. ater, V. acerosus, V. mamillatus and V. viviparus
The absolute lengths of chromosomes ranged from 2.08 to 8.99 m ( Table 5 ). Examination of the absolute length of the total haploid set showed that V. acerosus (30.60 m) and V. viviparus (32.49 m) had the smallest chromosomes. The total length of the haploid set of V. ater was 13-15 m larger than that of V. acerosus. The variability in length was due to differences between embryonic cells and those of adult or juvenile specimens. Chromosome measurements in V. acerosus were made in the cells of juveniles (one year of age) whereas in V. viviparus gonadal cells of males were used. The same parameters of V. ater and V. mamillatus were obtained by measuring of chromosomes mainly in the cells of embryos. It is known that chromosomes in embryonic nuclei are less constructed (Nakamura, 1986) .
In spermatogonial nuclei, all chromosome pairs of V. ater, V. acerosus, V. mamillatus and V. viviparus males were phenotypically homomorphic, while in females of V. ater, V. acerosus and V. mamillatus heteromorphism of size was observed in chromosome pair no. 8 (Fig. 4) . Therefore, we suggest a ZZ-ZW sex-determin- ing mechanism for these species. The karyotypes of V. viviparus were analysed only in the gonadal cells of males and at present the sexdetermining mechanism remains unknown.
Chromosomes of the first pair constitute 18.86-21.14% of the total length of the haploid complement. All other chromosomes were arranged in a row of units gradually decreasing in length (Table 6 ). There were significant differences between the relative length of the first chromosome pair of V. mamillatus and other species, as well as between these parameters of pair no. 3 of V. viviparus and V. mamillatus, V. ater (Lauerz population) ( Table 6 ).
All chromosomes of the viviparid species studied were biarmed. Chromosome pair no. 3 was submetacentric in all species. Metacentric or submetacentric-metacentric chromosomes were determined in pair no. 4. All other pairs consist of metacentric chromosomes. The greatest interspecific differences between V. mamillatus and other species were expressed in the centromere location in pair no. 9 (Table 7) .
Analysis of variance by using ANOVA oneway test showed that differences between relative lengths of the Viviparus species studied (for V. ater data of two populations were included) exist in all chromosome pairs excepting pair no. 5. Insignificant differences in centromeric indices were noticed in pairs no. 4 to no. 7 and in 8Z chromosome (Table 8 ). The significant differences between species were determined with Bonferroni's Multiple Comparison test. The smallest interspecific difference was between V. viviparus and V. acerosus (Table 9 ).
DISCUSSION
Chromosome sets within the family Viviparidae have been studied in representatives of three subfamilies. The haploid chromosome number ranges from n ϭ 7 in V. contectus to n ϭ 14 in the subfamily Lioplacinae (Patterson, 1969) , whereas the haploid chromosome number in the subfamily Viviparinae ranged from n ϭ 7 to n ϭ 13 (Table 10) .
Most of the earlier chromosome studies in viviparid snails were based on tissue sectioning, or squashing methods. As a consequence of this, there is some doubt regarding the accuracy of Franz's (1932) report on the chromosome number n ϭ 10 in V. viviparus. In recent years, methods of karyological analysis have greatly improved, allowing more reliable hypotheses of phylogeny and evolution. We provide new data on karyotype structures of two re-examined species-V. viviparus and V. contectus. The karyotypes of V. acerosus and V. mamillatus are described for the first time.
Ideograms of mean values of the relative lengths and centromeric indices of chromosomes showed karyological similarity between V. ater, V. viviparus, V. acerosus and V. mamillatus. The most remarkable interspecific differences were expressed in morphology of chromosomes from pair no. 1 and 9 (Figs 5, 6 ). However, the ANOVA analysis of statistical significance showed that interspecific differences exist in chromosomes of most pairs. Bonferroni's Multiple comparison test showed significant differences between V. mamillatus and other studied species. Only a slight karyological dif- V. ater (Lauerz) 7,9; 2,4,8W 1,6,7,8W; 8W,9 2,4,7,8Z,9; 1,2,3,4,9 V. ater (Murten) 8Z,8W; 1,4,8W,9 1,3,4,6,8W; 8W,9 3,9; 3,4 V. acerosus 1,8Z,9; 4,9 8Z; 1 V. mamillatus 1,2,4,6,9; 3,4,9
Bold-significant differences in centromeric indices ferentiation between V. acerosus and V. viviparus was detected. Close relationships between these two species were indicated by the analyses of morphological (non-shell) characters and molecular (allozyme) data (Falniowski et al., 1996) . Taking into account that there are slight morphological, molecular and karyological differences between V. viviparus and V. acerosus, future studies to confirm V. acerosus as a distinct species are necessary. Moreover, V. acerosus and V. ater are often placed as a subspecies of V. viviparus (Fretter & Graham, 1978) .
Differential staining of chromosomes as well as methods of molecular cytogenetics to determine the variation at the gene level-fluorescence in situ hybridisation (FISH) and primed in situ DNA synthesis (PRINS) are necessary for the verification of V. viviparus and V. acerosus as distinct species. Additionally, hybridization experiments could be valuable. In mollusc families, low chromosome number is often related to more evolved species (Butot & Kiauta, 1969; Hinegardner, 1974; Ahmed, 1976; Vitturi et al., 1982; Vitturi & Catalano, 1984). Within the Viviparidae, a remarkable karyological differentiation took place, and chromosome numbers range from n ϭ 7 to n ϭ 14. The highest chromosome number, n ϭ 14, was observed in derived groups such as the subfamily Lioplacinae and chromosome numbers of n ϭ 11 (Bellamyinae) and n ϭ 13 ) Viviparinae) are reported (Patterson, 1969) . On the basis of karyological data it is clear that the trend of karyotype evolution in this family is chromosome number reduction from n ϭ 14 to n ϭ 7. Therefore, the karyotype of V. contectus may possess some of the most derived the features of viviparid karyotypes. On the other hand, ideograms of average values of the relative lengths and centromeric indices of chromosomes showed karyological conservatism in V. contectus, as only slight interpopulational differences in snails from Lake Garda and lakes in Lithuania were noticed (Figs 7, 8) .
The comparative karyometrical analysis of V. contectus and other viviparids, led researchers to suggest that the main mechanism of evolutionary changes in this group of snails was Robertsonian fusion of chromosomes, originally proposed by Rainer (1963) . According to this author, the chromosome pairs no. 4, 7, 8 and 9 of V. ater may be included in chromosomal rearrangements. However, it is more likely that chromosomes of pair no. 8 (sex-determining chromosomes) did not play an important role in the evolutionary changes.
The Neritidae provide the best evidence of the presence of sex chromosomes in gastropod molluscs. The detailed study of mitotic and meiotic chromosomes in various species showed the occurrence of the XX female/XO male type of sex-determining mechanism (Natarajan, 1969; Komatsu & Inaba, 1982; Nakamura, 1986) . However, several different sex-determining types-XX/XY (Jacob, 1959; Burch, 1960; Patterson, 1965 Patterson, , 1967 and ZW/ZZ (Baršiene & Ribi, in press) have also been described. Among the Viviparidae, both the XX/XY type (V. subpurpueus, Stern, 1975 ; Tulotoma angulata (Patterson, 1965) and ZW/ZZ sex-determining type have been described. Females of V. ater, V. acerosus and V. mamillatus were heterogametic sex (ZW) whereas the males are the homogametic sex (ZZ). Although both W and Z chromosomes were metacentric, chromosome W is significantly smaller than Z (Baršiene & Ribi, in press ).
The main mechanism of XY and WZ chromosome differentiation is the accumulation of highly repeated (satellite) DNA sequences on Y and W chromosomes (Schmid et al., 1991) . As a result, the highly derived Y and W chromosomes are completely heterochromatic, or contain distinctly more heterochromatin than their homologues, the X or Z chromosomes (Olmo et al 1987; Schmid et al., 1988 Schmid et al., , 1991 . It should be stressed that in certain amphibian and fish families both ZW/ZZ and XX/XY sex-determining types coexist (Vasiliev, 1985; Schmid et al., 1991) .
Intraspecific conservatism of karyotypes, unusual mechanism of sex-determination and wide variation of chromosome numbers within the family Viviparidae might be the main aspects for future karyological studies of viviparid snails.
